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Abstract 

Using an effective hadronic Lagrangian with pliysical liadron masses and 
coupling constants determined eitlier empirically or from SU(4) flavor sym- 
metry, we study the production cross sections of charm mesons from pion 
and rho meson interactions with nucleons. With a cutoff parameter of 1 GeV 
at interaction vertices as usually used in studying the cross sections for J/tp 
absorption and charm meson scattering by hadrons, we find that the cross 
sections for charm meson production have values of a few tenth of mb and 
are dominated by the s channel nucleon pole diagram. Relevance of these 
reactions to charm meson production in relativistic heavy ion collisions is 
discussed. 

PACS numbers: 25.75.-q, 13.75.Lb, 14.40.Gx, 14.40.Lb 

I. INTRODUCTION 

Because of their large masses, open charm mesons are expected to be mostly produced 
in the initial preequilibrium stage of relativistic heavy ion collisions. They have thus been 
suggested as possible probes of the initial dynamics in these collisions. Previous studies 
have been concentrated on the production of charm quarks from the preequilibrium partonic 
matter . In these studies, it has been found that charm quark production is sensitive to 
not only the rapidity and space correlations of initial minijet partons but also their energy 
loss in the dense partonic matter. For charm meson production from nonpartonic matter, the 
only study is the one based on the Hadron-String Dynamics (HSD) 0] using hadronic cross 
sections obtained from the Quark-Gluon String Model (QGSM) Allowing scatterings 
between the leading quark and diquark in a baryonic string with the quark and antiquark in a 
mesonic string and taking their cross sections to be the same as in meson-baryon scatterings, 
this study shows that charm production is appreciable even with a small cross section of a 
few /ib as predicted by the QGSM. The factor of two enhancement obtained in this study 
for charm mesons over that produced from the primary nucleon-nucleon collisions offers a 
possible explanation for the observed enhancement of intermediate mass dileptons seen in 
heavy ion collisions at SPS 0. 

The QGSM model treats charm meson production from pion-nucleon scattering as a 
process involving the exchange of the vector charm meson Regge trajectory in t-channel. 
Contributions from the s and u channels are neglected. Although the u channel is expected 
to be small as it involves nonplanar diagrams, which are known to be negligible in the large 
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Nc limit, the s channel contribution may not be small because of the planarity of associated 
diagrams. To study the relative importance of the s, t, and u channel contributions to charm 
meson production in pion-nucleon scattering, we use an effective hadronic Lagrangian based 
on the flavor SU(4) symmetry but with empirical hadron masses. This Lagrangian has 
recently been used to study the cross sections for both J/tp absorption [[7|-pT| and charm 
meson scattering |]12| by hadrons. We find that the magnitude of the cross section for charm 
meson production from pion-nucleon scattering depends sensitively on the value of the cutoff 
parameter at interaction vertices. Using a cutoff parameter of 1 GeV as used previously in 
studying J/tp absorption and charm meson scattering, we find that the t channel process 
involving vector charm meson exchange indeed gives a small cross section as in QGSM and 
the u channel contribution is negligible. The contribution from the s channel is, however, 
appreciable, leading to a few tenth of mb for the production cross section of charm meson 
from pion-nucleon scattering. Furthermore, the model allows us to study the cross section 
for charm production from the interaction of nucleons with rho mesons, which are abundant 
in the initial stage of the hadronic matter in heavy ion collisions and also have a lower 
threshold for charm meson production. 

This paper is organized as follows. In Section we introduce the effective interaction La- 
grangians needed for studying charm meson production from pion-nucleon and rho-nucleon 
scattering. Cross sections for theses processes are then derived in Section ^ and evaluated 
in Section |^ Finally, a summary is given in Section ^ 



II. INTERACTION LAGRANGIANS 

Possible processes for charm meson production from meson-nucleon scattering are 
ttN DAc and pN DAc as shown by the diagrams in Fig. |I|. For both pion-nucleon 
and rho-nucleon reactions, there are t channel charm meson exchange diagrams, s channel 
nucleon pole diagrams, and u channel charm baryon pole diagrams. Cross sections for these 



processes can be evaluated using the same Lagrangian introduced in Ref. [12| for study- 
ing charm meson scattering by hadrons. This Lagrangian is based on the gauged SU(4) 
flavor symmetry but with empirical masses. The coupling constants are taken, if possible, 
from empirical information. Otherwise, the SU(4) relations are used to relate the unknown 
coupling constants to the known ones. 

The interaction Lagrangian densities that are relevant to the present study are given as 
follows: 

C^NN = -^Nl,YrN.d,n, (1) 

C-^DD* = ig^DD'D^^^T ■ {Dd^n - d^Drr) + H.c, (3) 
CpDD = i9pDD{DTd^D~d^DrD)- ^, (4) 

Cdna. = {N^.^AcOpD + d,DA,j,YN) , (5) 

rriD 

jCd*na. = -gn^NA^N^pA^D*'^ + D*>^A,^^N), (6) 
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FIG. 1. Charm meson production from meson-nucleon scattering. 
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rriD 



[A,7'7'^tr(f • S,r ■ d^n) + tr(f • S,f ■ d^n)^'^^^ 

tr(r-S,r-p;)7^AJ, 



(7) 

(8) 
(9) 



In the above, r are Pauli matrices for isospin, and vr and p denote the pion and rho meson 
isospin triplet, respectively, while D = (D^, D^) and D* = {D*^, D*~^) denote the pseu- 
doscalar and vector charm meson doublets, respectively. 

For coupling constants, we use the empirical values for f-n-NN/^n = 7.18 GeV^^ [|T3 



9pNN = 3.25, and Kp = 6.1 [jT4[. From the recently measured width F^ ~ 96 keV of D* [|T5 



we obtain the coupling constant q-kDD* = 5.56, which is slightly larger than the one used 
in Refs. |17|-[TT| based on a smaller width of D*. The coupling constant gpDD is taken to be 
dpDD = 2.52, which is determined in Refs. based on the vector meson dominance model. 
The values for both Qt^dd* and QpOD are comparable to those obtained from the QCD sum 
rules 111,0. 

Other coupling constants, which are not known empirically, are obtained using SU(4) 
relations [Hlpl, i.e.. 
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gD*NAc = VSgpNN = 5.58, 



7.18 GeV'\ 



DNT,c 

mo 



V3 niD 
(2«D - 1 



2.66 GeV-\ 



DNAr 



rriD 



2.01 GeV-\ 



(10) 

(11) 
(12) 

(13) 
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where an = D/{D + F) ~ 0.64 [|T8| with D and F being the coefficients for the usual D-type 
and F-type couphngs. 



III. CROSS SECTIONS 

The amphtudes for the two processes in Fig. |l| can be written as 

Mi = Mia + Mu + Mic, (14) 
M2 = {Mf^a + M^,, + Mf^,)e„ (15) 

where is the polarization vector of rho meson. The amplitudes A^ia, A^ib and A4ic are 
for the top three diagrams in Fig. ^ and are given by 

Mia = -gnDD*gD*NKAT JafsiPl + PsV X 1 ^Wf^iy ^ 

t — nijj, mf), 
xAMYNip^), (16) 

-^1^ = — )af3MPi)h x ——fANiP2), (i7) 

-Ml, = ^"^-^-^^^^- (2^.,r^).^A,A X ^^-~f" j^3iV, (18) 

(19) 

while the amplitudes M.2aiM.2b, and M.2b ^'^^ fo'^ bottom three diagrams, and they are 

= -^Wc^pz.z^ (^.) ^ Ae75^^iV, (20) 

m^, t — mjj 

■^26 = )apAc75h ; 2 (^^ + >1.)A^(P2), (21) 

-M^e = ^^^^"-'^"-^- (2^.,r^).,Ae7^' X ^^il^^s/'sA^- (22) 
nio u — rrij.^ 

In the above, pi,P2,P3 and p4 denote the momenta of vr(p), A^, Z) and A,, respectively; 
s = {pi + P2)^, t = {Pi — Ps)^, and w = (pi — ^4)^ are the usual Mandelstam variables; and 
Qs =Pi+ P2 and qu = P2 - Ps- 

The isospin- and spin-averaged differential cross sections for the two processes in Fig. |l| 
are then 

da,N^DA._ 1 (23) 



2 I 



dt 76Snsp: 

1 ,\M2\'. (24) 
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dt 23047rsp: 

The squared invariant scattering amplitudes and |A^2p; which include the summation 

over the spins and isospins of both initial and final particles, can be evaluated using the 



software package FORM |19]. In evaluating these cross sections, we have introduced form 



4 



factors at the interaction vertices. For three-point vertices, i.e., irDD*, pDD, pNN, irNN, 
DNAc, D*NAc, DNEc, and pS^Ac, they are taken to have the form ll|,|20| 



+ A^ + 

where /i is for t and u channels and /2 for s channel with and being, respectively, the 
squared three momentum transfer and squared initial three momentum in the center-of-mass 
frame of the pion or rho meson and nucleon. In studying J/ip absorption and charm meson 
scattering using the same interaction Lagrangians |P|-pi]|, values for the cutoff parameter A 
are usually taken to be 1 or 2 GeV. We use these values in the present study. 



IV. RESULTS 




FIG. 2. Cross sections for charm meson production from meson-nucleon scattering as functions 
of center-of-mass energy for cutoff parameter of 1 GeV. 

We first show the results obtained with a cutoff parameter A = 1 GeV. In Fig. |^, the cross 
sections for charm meson production from meson-nucleon scattering are given as functions of 
center-of-mass energy. It is seen that the cross section for the reaction vrA^ — > DAc (dotted 
curve) has a peak value of about 0.2 mb. Although, this value is much larger than that 
predicted by the QGSM model 0, it is mainly due to the s channel that involves a nucleon 
pole as shown by the dashed curve in Fig. ^, where the cross sections from individual 
amplitudes are shown. The contribution from the t channel charm vector meson exchange 
(solid curve) at low center-of-mass energy has a similar magnitude as found in QGSM, while 
the u channel contribution (dotted curve) is indeed negligible as assumed in Ref. 
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FIG. 3. Contributions from t, s, and u channels to the charm meson production cross section 
from pion-nucleon scattering as functions of center-of-mass energies with cutoff parameter A = 1 
GeV. 



The cross section for the reaction pN — > DA^ from rho-nucleon scattering shown by the 
sohd curve in Fig. |^ is about a factor of two larger than that from pion-nucleon scattering. 
The relative importance of the contributions from the s, t, and u channels in this case is 
shown in Fig. ^ Again, the dominant contribution is from s channel, while the t and u 
channel contributions are much smaller. 

The magnitude of charm meson production cross sections depends strongly on the value 
of the cutoff parameter. If we use a larger value of A = 2 GeV as suggested by the QCD sum 
rules pi|], these cross sections are increased by an order of magnitude. On the other hand, 
their values are reduced by more than an order of magnitude if a smaller value of A = 0.5 
GeV is used. We note that to reproduce the empirical cross section for kaon production 
from pion-nucleon scattering, i.e., vrA^ KA, using the same SU(4) invariant Lagrangian 
at the Born approximation requires A ~ 0.4 GeV. Because of the smaller sizes of charm 
hadrons, we expect, however, that the cutoff parameter at interaction vertices involving 
these particles should have a larger value than at those involving strange hadrons. Using 
A = 1 GeV for charm meson production thus seems reasonable. 



V. SUMMARY 

Using a SU(4) invariant meson-baryon effective Lagrangian, we have studied the cross 
section for charm meson production in pion-nucleon and rho-nucleon scattering. We find 
that the magnitude of these cross sections depends sensitively on the value of the cutoff 
parameter at interaction vertices. With a cutoff parameter of 1 GeV, the cross section for 
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FIG. 4. Same as Fig. ^ charm meson production cross section from rho-nucleon scattering. 

vrA^ — » DAc has a peak value of about 0.2 mb, while that for pN — * DAc is about a factor of 
two larger. The dominant contribution to these cross sections is from the s channel nucleon 
pole diagram. The contribution from the t channel charm meson exchange is less important 
and has a magnitude comparable to that given by the Quark-Gluon String Model. The u 
channel contribution is negligible for charm meson production from both pion-nucleon and 
rho-nucleon scattering. Since our cross sections for charm meson production are much larger 
than that given by the QGSM model, they would lead to too large an enhancement of charm 
meson production if used during the initial string stage of heavy ion collisions as in Ref . . 
On the other hand, more reasonable results for charm production are expected if these cross 
sections are used only for collisions between mesons and baryons in the hadronic matter. 
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